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nuombin-indooed and ADP-toduced platelet and other cdl activation is inhilnted without affecting ttrnxuMn's other {»t)teolytic 
activity by admhiistratioa of a bradyldnin sequence related analogous peptide. Bradykinin analogs are peptides to whidi substitudons. 
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described bihibit a-thrombin-hiduced and ADP-induoed platelet activation and secredoo. inhibit a-thrombin-induced calcium mobilization, 
and prevent a-thrcHnbtn from deaving its platelet reo^tor. The Inadykinin analogs may comprise sing^ or multiple-chain peptides. 
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BRADYKINBV ANALOGS AS 
SELECTIVE THROMBIN rNHrerrOWS 



RrfCTeneft ft^yi^in ent Grant 
The inveotion described herein was made, in part, in Ae course of 
woik supported by the National Heart Lung and Blood Institute under Grant No. 
HL-35553. The government has certain rights in the invention. 



Cross-Referencfi to Rpla»ed Applirarinnc 
This plication claims prioriQr from U.S. provisional patent 
application No. 60/000,096 filed June 9, 1995. 

Field of the IiiTOn^nn 

This invention relates to the inhibition of a-thrombm-uiduced and 
ADP-mduced cell activation. 

Background of tlii> Invy nti^^n 
Bradykinin is a vasoactive peptide released fixjm the precursor 
plasma kininogens by kaUikrein and other enzymes (Silva et al. , Amer. J. Physiol. 
156: 261-274 (1949)). Bradykinin has been described to have multiple 
physiologic functions, inchiding the stimulation of prostacyclin pioduction (Hong, 
S.L.. Thromb. Res. 18, 787 (1980); Grutchley et al., Biochim Biophy Acta 751, 
99 (1983)) and the stimulation of the release of plasminogen activators (Smith et 
al.. Blood 66, 835 (1983)). Bradykinin induces superoxide fonnation and 
endothelhun-dependent smooth muscle hypeipolarization (Holland, J. A. etal.,J. 
Cell Physiol. 143. 21 (1990); Nakashima, U. et al., J. Clin. Invest. 92, 2867 
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(1993) ). Along with acetylcholine, biadykinin is the major inducer of nitric oxide 
formation (Pahner, R.M.J, et al. , Nature 327, 524 (1987)). Bradyldnin has been 
characterized to produce vasodilation in most vascular beds which in the coronary 
arteiy circulation results in increased blood flow (Line et al., J. Mol. Cell 

5 Cardiol 24, 909 (1992)). These latter features have led some to characterize 
bradyldnin as a cardioprotective agent (Line et al., supra; Gohlke et al. 
Hypertension 23, 411 (1994); Parratt et al.. Cardiovascular Research 28, 183 

(1994) ; Zanzinger et al , Cardiovascular Research 28, 209 (1994)). Bradyldnin's 
elevation by angiotensin converting enzyme inhibitors is believed to be the 

10 mechanism by which these drugs promote their beneficial effects on heart feihire. 

In addition to the delivery of bradyldnin, its parent proteins, high 
(HK) and low (LK) molecular weight Idninogens, also have the ability to be 
selective inhibitors of a-thrombm, inhibiting o-thrombin's abiUty to activate cells 
without interfering with its enzymatic ability (Meloni etal.,J. Biol Chem. 266, 

15 6786 (1991); Puri a/., BloodTl, 500 (1991)). TTiis activity was believed to hi 
a unique function for the kmmogens; one which had not been ascribed to other 
proteins. Most naturally occurring human protein inhibitors of a-thrombin are 
directed towards its protease activity. HK and LK are selective inhibitors of 
thrombin's abiUty to activate platelets by blocking a-tim>mbin fiom binding to the 
20 platelet membrane (Meloni effl/.,japra;Purie/ a/., «(pTO). This activity of the 
kminogens appeared to be localized to domain 3 on their heavy chain since 
isolated domain 3 retains that activity (Jiang et al, J. Biol Chem. 267. 3712 
(1992)). 

Inhibition of platelet activation by domain 3 is observed by a 
25 marked decrease in tiie platelet's ability to aggregate and secrete their granule 
contents. The granule contents comprise proteins which participate in hemostasis, 
tiirombosis, and tiie inflammatory response. Inhibition of endothelial cell 
activation may similarly be observed by a decrease in secretion of endotiielial cell 
contents such as tissue plasminogen activator and von Willebrand factor. 
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The domain 3 polypeptide like its parent proteins HK and LK 
functions to inhibit cell activation by blocking thrombin binding to its target ceils. 
This polypeptide is a selective inhibitor of thrombin-induced platelet activation. 
Administration of domain 3 therefore does not unpact on induction of platelet 
5 ■ activation by physiological substances other than thrombin, such as, for example 
collagen, adenosine diphosphate, epinephrine and platelet activating factor. 

Interventional procedures for coronary artery disease such as 
coronary thrombolysis or percutaneous translununal coronary angioplasty have 
made good efforts in reducing mortality fiom acute coronary thrombosis. 
10 However, after intracoronaiy thrombolysis with lytic agents, the reocclusion rate 
is high. The major cause for reocclusion is platelet thrombus. When artificial 
dacron grafts are anastomosed to human arteries, up to 30% of aU patients will 
develop a platelet thrombosis within hours of surgery. This expected high 
compUcation rate fiequendy requires an additional operation with attendant 
15 compUcations. Thus, additional tiierapies are needed to prevent these reocclusion 
events due to platelet thrombi. 

Two competing classes of antiplatelet agents for die prevention of 
coronary thrombosis are being considered. One class of agents, including 
monoclonal antibody 7E3, aims to block the final common padiway of platelet 
20 activation by inhibiting glycoprotein Hb/nia (GPIKVIIIa), integrin a^pj. 7E3 is 
an eflfcctive agent, but it is a murine antibody and is antigenic m humans. A 
second class of antiplatelet agents inhibit a presumed, primary initiating agent of 
platelet activation, a-thrombin. Infiisions of Phe-Pro-Arg-chloromethylketone 
(PPACK), a potent inhibitor of a-thrombin's proteolytic activity, prolongs the 
25 bleeding time, a crude measure of platelet function (Hanson, S.R. ei al., Proc. 
Natl. Acad. Sci. 85, 3184-3188 (1988)). The first generation of potent a-thrombin 
proteolytic inhibitors to enter mto clinical trials is a recombinant product derived 
from medicinal leeches, hirudin. This compound, which is a small molecular mass 
and is not considered to be antigenic, is a potent anti-thrombin. A synthetic 
30 analog of hirudin, hirulog, combines the anion exosite I binding properties of 
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hirudin with the proteolytic inhibitory activity of PPACK. In Phase HI clinical 
trials, both drugs were efifective inhibitors of platelet activation; however, the 
tradeoff for effective anticoagulation was increased hemoithage leading to the 
termination of three clinical trials. Thus non-selective proteolytic inhibitors of a- 
5 thrombin are not clinically tolerated and may never have commercial significance. 

An ideal anti-thrombotic to prevent arterial thrombosis would be 
one which prevents platelet and endothelial ceU activation without preventing the 
proteolytic activity of a-thrombin to clot fibrinogen and activate protein C, factor 
Xm, and fiictors V and Vm. Only two known proteins, high molecular weight 

10 (HK)andlowmolecularweight(LK)kininogens.arenaturalIyoccurTingselective 
anti-thrombins (Meloni, FJ. c/a/.. Biol. Chem. 266; 6786-6794 (1991); Puri. 
R.N. et al. Blood 77:500-507 (1991)). Both low and high molecular weight 
kininogens have identical amino acid sequences from their amino-tcrminus through 
12 amino adds beyond the carboxy-terminus of bradykinin. LK and HK share a 
15 common heavy chain (62 kDa), the bradykinin (BK) moiety (0.9 kDa). and the 
first 12 amino adds of the amino temunal portion of each of their "light chains" 
(Takagaki, Y.et al., J. BioL Chem. 260:8601-8609 (1985); Kitamuia, N. et al, J. 
Biol Chem., 260:8610-8617 (1985)). This identity coiresponds to residues 1 
through about residue 383. See Salveson et al, Biochem J. 234, 429 (1986); 
20 KeUerman et al, Eur. J. Biochem. 154, 471 (1986). They diverge in the size of 
their Ught chains; the light chain of LK is 4 kDa; that of HK is 56 kDa. Takagaki 
et al, siqtra; Kitamura et al., siqtra. 

Hereinafter, "human kininogen" shall mean, unless otherwise 
indicated, both high and low molecular weight forms of any kininogen molecule, 
25 in all its various forms derived from human plasma, platelets, endotheUal cells, 
granulocytes, or skin or other tissues or organs, regardless of whether it is found 
in the fluid or the tissue phase. 

"Light chain" shall mean, when referring or relating to human 
kininogen. the 56 kDa intennediate plasma kallikrein-cleavage fragment of HK 
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vMch has the ability to correct the coagulant defect in total kininogen-deficient 
plasma. 

"Heavy chain" shall mean, when referring or relating to human 
kininogen, the 64 kDa kalliJcrein-cleavage fragment of HK or LK, which is free 
5 of bradykinin and "light chain". 

"Domain 3" with respect to the kininogen heavy chain shall mean 
the trypsin-cleavage fragment of the human kininogen heavy chain vAnch is about 
21 kDa. 

By "natural amino acid" is meant any of tiie twenty primary, 
10 naturally occurring amino acids vAdch typically form peptides and polypeptides- 
By "synthetic amino acid" is meant any other amino acid, regardless of whether 
it is prepared synthetically or derived from a natural source. 

By "BK analog" is meant a peptide having an amino acid sequence 
analogous to the sequence of the nonapeptide bradykinin, vAnch is capable of 
15 inhibiting a-thrombin from cleaving its receptor on platelets and other cells, such 
that Ae peptide prevents the alteration or loss of the SPAN12 epitope on die 
thrombm receptor, and blocks cleavage of a peptide, NAT12 (SEQ ID N0:2), 
vMch spans the a-thrombin cleavage site on the thrombin receptor. BK analogs 
are thus able to inhibit thrombin-induced platelet activation. 
20 Some of the nomenclature of the subject matter of the present 

invention involves lengthy terms. It is customary for those skilled in the art to 
abbreviate these terms in a manner well-known to the art. These general and 
customary abbreviations are set forth below and may be utilized in the text of this 
specificatioa 
25 Abbreviations 

ATAPl 38 monoclonal antibody specific for an epitope on the thrombin 
receptor, ^^ch epitope is preserved following a-thrombin 
cleavage of the receptor 
BK: bradykinin 
30 D3: domain 3 of kininogen 
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10 



15 



20 



25 



DFP: 

D-Tic: 

EDTA: 

FITC: 

HBTU: 

HOBt 
HK: 
4Hyp: 
LK: 

NAT12: 



Oic: 

PADGEM. 

PGEl: 
PMSF: 
SDS-PAGE: 
SPAN12 



Thi: 
TRAP: 

Tris: 



diisopropyl fluorophosphate 
D- 1 ,2,3,4-tetrahydroisoquinolin-3-yl-carfaonyl 
etfaylenedianuoetetraacetic acid 
fluorescein isothiocyanate 

2.(l-H-benzotriazole-l-YL)-l,l,3,3-tetramethyl- 

uroniumhexofluorophosphate 

I -hydroxybenzotriazole 

human high nu)Iecular weight kininogen 

(4R)-4-hydioxypropyI 

human low molecular weight kininogen 

peptide sequence Asn-Ala-Thr-Leu-Asp-Pro-Arg-Ser-Phe- 

Leu-Leu-Arg, which spans the a-thrombin cleavage site on 

the thrombin receptor 

(3a5, 7a5)-octahydToindol-2-yl-carbonyl 

platelet activation dq)endent granule external membrane 

protein, also known as P-selectin, GMP140 or CD62 

prostaglandin El 

phenyhnethylsulfonylfluoride 

sodium dodecylsulfate polyaciylamide gel electrophoresis 
monoclonal antibody specific for the sequence Asn-Ala-Thr- 
Leu-Asp-Pro-Arg-Ser-Phe-Leu-Leu-Arg (SEQ ID NO:2) 
which spans the a-thrombin cleavage site on the thrombin 
receptor 

3-(2-thienyl)alanyl 

thrombin receptor activation peptide, which has the amino 
acid sequence Ser-Phe-Leu-Leu-Arg-Asn (SEQ ID N0:19) 
tris(hydroxymethyl)aminomethane 
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Sammarv of the Invenrip n 

The invention comprises a method of inhibiting thrombin-induced 
platelet or other cell activation comprising administering to an individual in need 
of such treatment an effective amount of a peptide which mhibits thrombm 
5 activation of platelets or other cells, wherein said peptide has an amino acid 
sequence of the formula: 

XpArg-Pro-Pro-Gly-Xj (I) 

herein: 

Xj is from zero to thirty natural or synthetic amino acids; and 
10 Xj is from zero to thirty natural or synthetic amino acids; 

provided that the peptide may not be native bradykinin. 

In one embodiment of the invention, X, is zero to seven amino 
acids and Xj is zero to nme amino acids. In a prefenred embodiment of the 
invention, the peptide according to formula I has the sequence Arg-Pro-Pro-Gly- 
15 Phe (SEQ ID NO:20). 

The invention further comprises a method for mhibiting ADP- 
induced platelet activation, which method comprises administering to an individual 
in need of such treatment an effective amount of a peptide according to formula 
I. 

20 Another embodiment of the invention comprises a method for 

preventing platelet aggregation comprising administering to an individual in need 
of such treatment an effective amount of a peptide according to formula L 

According to yet another embodiment of the invention, a method 
of inhibiting ADP-induced platelet activation comprises administering to an 

25 individual in need of such treatment an efifective amount of a peptide, which 
inhibits thrombm activation of platelets or other cells, vrtierein said peptide is 
comprised of one or more segments having the amino acid sequence X,-Arg-Pro- 
Pro-Gly-Xj and the peptide has the formula: 

L-(XrArg.Pro.Pro-GIy-X2)„ (fl) 
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L is a linker comprising a covalent bond or chemical group; 
X„ which may be the same or different in each segment, is fiom 
zero to thirty natural or synthetic amino acids; 
5 . X2, which may be the same or different in each segment, is fiom 

zero to thirty natural or synthetic amino acids; and 
n is an integer fiom two to twenty. 

In one embodiment of the invention, the segment of a peptide 
accordmg to formula n has the sequence Aig-Pro-Pro-GIy-Phe (SEQ ID NO:20). 

^® invention further comprises a metiiod for inhibiting ADP- 

induced platelet activation, whichmethod comprises administering to an individual 
in need of such treatment an effective amount of a peptide according to fonnula 
II, v»dierein L, X„ Xj, and n are defined as above. 

Another embodunent of the mvention comprises a method for 

15 preventmg platelet aggregation comprising administering to an individual in need 
of such treatment an effective amount of a peptide according to formula II, 
wherein L, X„ X^, and n are defined as above. 

The mvention as described herem also comprises a compound 
having the formula: 

20 Arg-Pro-Pro-Gly-Phe-Glu 

I 

Lys-Phe-Gly-Pro-Pro-Arg 
A fiirther embodiment of the invention comprises a compound 
having the formula: 

25 Arg-Pro-Pro-Gly-Phe- 

Arg-Pro-Pro-Gly-Phe- ^ ' 

Arg-Pro-Pro-Gly-Phe- ^ ^^Lys-pAla 



30 



Arg-Pro-Pro-Gly-Phe 
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Description of the Figures 
Figures lA-lD are plots of the inhibition of a-thrombin-induced 
platelet aggregation and secretion by BK (lA) and BK analogs (IB: SEQ ID 
N0:14, IC: SEQ ID N0:13; ID: SEQ ID N0:18), incubated in the absence or 
5 presence of increasing concentrations of peptides before the addition of human a- 
thrombin to start the reaction: % residual aggregation activity (O); % residual 
['*C]5-hydroxytryptamine secretion (□). Each figure is the mean ± SEM of Ae 
data derived from at least three experiments. 

Figures 2A.2D are plots of a-thrombin-induced calcium 
10 mobilization in human platelets in the presence of a-thrombin alone (2A), HK 
(2B); BK (SEQ ID NO:l) (2C); or BK analog SEQ ID NO: 14 (2D). Each figure 
is a representative experiment from at least three eiqjeriments. 

Figure 3 is a plot of the inhibition of a-thrombin mediated calcium 
mobilization by BK (SEQ ID N0:1) and BK analog SEQ ID NO: 14. Increasing 
15 concentrations (0.01 mM to 2 mM) of BK (□) or SEQ ID NO:14 (O) were 
incubated with gel filtered platelets before the addition of a-thrambin. The data 
was plotted as the percent inhibition of Ca^ mobilized in the peptide-treated 
samples versus an vmtreated sample. The Figure is the mean ± SEM of the data 
derived from three identical experiments at each concentration. 

Figures 4A-4D are plots of the influence of BK analog SEQ ID 
NO:20 on a-thrombin-induced calcium mobilization in platelets. Platelets were 
incubated with 1 nM a-thrombin in the absence of (4A) or presence of SEQ ID 
NO:20 at a concentration of 1.0 mM (4B), 0.5 mM (4C) and 0.125 (4D). Each 
figure is a representative experiment of several experiments. 

Figure 5 is a plot of the inhibition of '"l-a-thrombin bmding to 
platelets in the absence (□) or presence of 200 nM HK ( O ), I mM of the BK 
analog SEQ ID N0:14 (O), or 1 mM of the BK analog SEQ ID N0:8 (a). The 
Figure is the mean ± SEM of the data derived from three ejqxriments. 

Figures 6A-6F are flow qrtograms showing the effect of \wious BK 
analogs on expression of the antigenicity of the thrombin receptor. Washed 
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platelets were incubated with monoclonal antibody SPAN12 alone (Fig. 6A) or in 

tbe presence of 1 mM of BK (Fig. 6B), SEQ ID N0:14 (Fig. 6Q, SEQ ID N0:18 

(Fig. 6D) or SEQ ID N0:4 (Fig. 6E). The ghost curves represent unstimulated 

platelets; the soUd curves represent a-thrombin activated platelets. Mouse IgG 

5 -(Fig. 6F) was used as a control. Each figure is a representative experiment of 
three experiments. 

Figures 7A-7D are fiow cytograms showing the influence of BK 
analog SEQ ID N0:14 on the bmding of monoclonal antibody ATAP138 to the 
thrombin receptor after a-thrombin activation of platelets (Fig. 7B). Control 
10 experiments were also performed with mouse IgG (Fig. 7C) and an antibody to 
CD62 (Fig. 7D). The ghost curves represent thrombin receptor expression by 
unstimulated platelets; the soHd curves represent expression by a-thrombin 
activated platelets. The flow cytograms of Figures 7A-7D were performed on flur 
same day Avith the same platelets as the flow cytograms in Figures 6A-6D. Each 
15 figure is a representative experiment of three experiments. 

Figures 8A-8F arc chnomatogr^hs showing the influence of BK 
analog SEQ ID NO:20 and a non-BK analog peptide (SEQ ID NO:22) on a- 
thrombin-mduced cleavage of the thrombin receptor peptide NAT12 (SEQ ID 
N0:2). NAT12 (SEQ ID N0:2) was incubated in the absence (Fig. 8A) or 
20 presence of a-thrombin (Fig. 8C). NAT12 (SEQ ID NO:2) was incubated widi 
a-thrombin in the absence (Fig. 8C) or presence of BK analog SEQ ID NO:20 
(Fig. 8D). Figure 8E is the chromatogr^h for NAT! 2 (SEQ ID N0:2) incubated 
with HK in the presence of a-thrombin, while Figure 8F is the corresponding 
chromatogr^h for a non-BK analog peptide (SEQ ID NO:22). 

^^8^® 9 is a plot of the plasma concentration of BK analog SEQ 
ID NO:20 in three rabbits following infiision of BK analog SEQ ID NO:20. 

Figure 10 is a plot of the inhibition of thrombm- or ADP-induced 
rabbit platelet aggregation over tune after a single infiision of BK analog SEQ ID 
NO:20. ( o ), 20 /tM ADP; (•). 20 nM r-thiombin; (a) 40 nM y-thrombm. 
30 Figure 1 1 is an aggregometer tracing of y-thrombin-induced (20 nM) aggregation 
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of human platelets treated in the presence of 1 mM of a non-BK analog peptide 
(SEQ ID NO:22), 0.5 mM of a BK analog heterodimer ("HETERODIMER") (SEQ 
ID NO:22), 0.5 mM of 4-MAP, and I mM of a BK analog SEQ ID NO:20, and 
y-thrombin alone (control). 

5 

Detailed Description of the Invention 

The invention is directed to a method for preventing thrombosis by 
the use of bradykinin sequence-related analogous peptides that act as selective anti- 
thrombins. The BK analogs are selective anti-thrombins because they are able to 

10 inhibit human a-tfarombin and y-thrombin ftom activating platelets without 
interfering witii a-thrombin*s ability to proteolyze its various substrates, e.g., 
fibrinogen and factor V. Most known tiirombin inhibitors, hirudin, hirulog and 
PPACK, interfere with a-thrombin's action by blocking all of its proteolytic 
activity. Use of these proteolytic inhibitors to inhibit a-thrombin activation of 

15 platelets may result in excessive anticoagulation and hemorriiage. The BK analogs 
utilized in the present mieAod would allow for inhibition of cell-induced plug 
formation without interfering with a-thrombin's enzymatic activity, BK analogs 
may be used to prevent arterial occlusions arising fi-om coronary thrombosis and 
stroke. 

20 We have found that the BK analogs inhibit thrombin fcom cleaving 

the thrombin receptor which is expressed on platelets. Thus, we have found that 
the BK analogs have the ability to inhibit thrombin-induced platelet activation by 
blocking cleavage of the thrombin receptor and subsequent activation of platelets 
by exposure of the new amino terminus of the cleaved receptor. Administration 

25 of a BK analog as described herein comprises a therapeutic method for inhibiting 
thrombin-induced activation of platelets, endothelial cells, brain ceils, fibroblasts, 
smooth muscle cells, or other cells that contain a receptor for thrombin. This 
fimction inhibits platelet thrombus formation and other activities mediated by the 
thrombin recq3tor. 
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The BK analogs do not inhibit platelet activation by the same 
mechanism as intact kininogen and its isolated domain 3. One mM BK analogs 
do not inhibit '"l-a-thiombin binding to platelets, as does a molar excess of 
purified HK, LK, or isolated domain 3. We have found that the BK analogs: 
5 I) block a-thrombin-induced calcium mobilization in platelets; 

2) do not inhibit the abUity of 1 nM a-thrombin to hydrolyze 0.7 
mM of the chromogenic substrate S2238; 

3) block 1 nM y-thrombin from activating platelets in the presence 
of 100 mg/dl fibrinogen; 

10 4) block a-thrombm fiom altering expression of the flirombin 

receptor as detected by monoclonal antibodies SPAN12 and 
ATAP138; 

5) prevent a-thrombin fiom cleaving the thrombin receptor; and 

6) inhibit platelet fimction in vivo and in vitro. 

15 Witbowvmhing to be bound by any theory, it is believed that BK analogs act to 
inhibit platelet and other cell activation by inhibiting a-thrombm from cleaving its 
receptor on platelets and other cells. 

According to one embodiment of the invention, the BK analog 
represents a chain truncation analog of a parent segment from the manire human 

20 J^geii heavy chain, which parent segment spans kininogen heavy chain amino 
acids 333 to 396. wherein the analog includes the core sequence Arg-Pro-Pro-Gly, 

which core sequence correqwnds to kininogen heavy chain residues 363-366. 

In a further embodunent, the BK analog represents a chain 
truncation analog of the kininogen heavy chain parem segment, which peptide 
25 contains the core sequence Arg-Pro-Pro-Gly. and up to 7 amino acids from the 
kinmogen heavy chain parent segment iq,stream (in the amino terminus direction) 
of the core sequence, and up to 9 amino acids from the kininogen heavy chain 
parent segment downstream (in the carboxy terminus direction) of the core 
sequence. More preferably, the amino acids added to the amino terminus and the 
30 carboxy terminus of the core sequence are selected from kininogen heavy chain 
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residues 357-363 and 367-383, respectively. The amino acid sequence of the 
human kininogen heavy chain parent segment is given herein as SEQ ID NO:24. 
The complete sequence for human kininogen heavy chain can be found in 
KeUerman et al, Eur. J. Biochem. 154:471-478 (1986), the entire disclosure of 
5 which is incorporated herein by reference. 

In one embodiment of the invention, naturally occurring or synthetic 
amino acids having the general formula 

COO 

10 R-CH 

I 

NH3* 

where R is a hydrogen atom or any organic group, have been added to either the 
carboxyl or amino temiinus of a peptide comprismg the core sequence (Arg-Pro- 

15 Pro-Gly) (SEQ ID N0:21 ) of the native BK sequence segment (SEQ ID NO: 1) in 
order to form chain expansion analogs. Preferably, amino acids have been added 
to either the caiboxyl or amino terminus of the five amino acid sequence, Arg-Pro- 
Pio-Gly-Phe (SEQ ID NO:20). Up to thirty amino acids may be added to either 
the carboxyl or amino terminus of the core sequence (SEQ ID N0:21) or BK 

20 analog SEQ ID NO:20. Preferably, from zero to seven amino acids are added to 
the amino lenninus, and zero to nine amino acids are added to the carboxy 
terminus of the core sequence (SEQ ID N0:21). More preferably, the peptide 
comprises the amino acid sequence Arg-Pro-Pro-Gly-Phe (SEQ ID NO:20). An 
example of the BK analogs mcluded in this invention is the BK analog SEQ ID 

25 N0:14 in which two amino acids have been added to the amino tenninus and ten 
amino acids have been added to the carboxyl temiinus of the core sequence, Arg- 
Pro-Pro-Gly (SEQ ID N0:21). 

In a further embodiment of the invention, the peptide is HOE140, 
having anaminoacidsequenceof(D-Arg>Arg-Pro-Hyp-Gly-Thi-Ser-(D-Tic)-Oic- 
30 Arg (SEQ ID N0:17). HOEl 40 may be purchased from Hoechst, Frankford. 
Germany or prepared according to the method of Hock et al, Br. J. Pharmacol. 
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102:758-773 (1991) and Lambeck et ai, Br. J. Pharmacol 102:297-304 (1991), 

the entire disclosure of which is incorporated herein by reference. 

According to another embodiment of the invention, two or more 

smgle-chain BK analogs are joined by one or more linkers, L, to fonn homodimers 

5 and heterodimers. As defined herein, homodimers and heterodimers include 

dimers, trimers, and other multimers. A homodimer is comprised of two or more 

identical single-chain BK analogs; heterodimers are comprised of two or more 

different single-chain BK analogs. The linker can be either a oovalent bond or a 

chemical group. In the invention, the number of smgle-chain BK analogs that can 

10 be joined is fiom two to thiiy-two. Preferably, the number of BK analogs joined 

is fiom two to twenty, more preferably from two to eight, and most preferably. 

from two to four. Hie BK analogs to be joined can be identical or they can bJ 
different. 

An example of a covalent bond linking two single-chain BK analogs 
15 is the disulfide bond formed by the oxidation of two single chain BK analogs 
containing cysteine amino acids. This may require initially modifying the parent 
peptide so that the peptide includes a Cys residue in the appropriate position. 
Cysteine residues on single-chain BK analogs can be oxidized to fonn BK analog 
dimers by dissolving 1 mg ofthe single-chain peptide in 1.5 ml of 0.1% (v/v) 17.5 
20 mM acetic acid. pH 8.4, foUowed by flushing with nitrogen and then 0.01 M 
K2Fe(CN)«. After incubation for one hour at room temperature, the dimer peptide 
is purified by HPLC. 

Another example of a suitable covalent bond for linking two single- 
chain BK analogs is the amide bond foimed by reacting the amino group of a 
25 lysine amino acid residue on one chain with the carboxylic acid group of a 
glutamic or aspartic amino acid residue of another chain. 

Alternatively, the linking group can be formed by the covalent bond 
between two single-chain BK analogs using a cross-linking reagent. For example, 
homodimers and heterodimers can be prepared by first preparing S-(-A^. 
30 hexylsuccinimido)-modified peptide monomers according to the method of 



wo 96/41640 PCT/US96W1M0 

- 15 - 

Cheronis et al., J Med Chem. 37: 348 (1994). A^-hexylmaleimide, a precursor for 
the modified peptide monomers, is prepared from A'-(niethoxycarbonyl)maleimide 
and A'-hexylamine by mixing the two compounds in saturated NaHCOj at (fc 
according to the procedure of Bodanszky and Bodanszky, The Practice of Peptide 
5 Synthesis; Springer-Verlag, New York, pp. 29-31 (1984). The product of the 
resulting reaction mixture is isolated by extraction into etfiyl acetate, followed by 
washing with water, dried over Na2S04, and is then concentrated in vacuo to 
produce N-hexyhnaleunide as a light yeUow oU. S-(A'-Hexylsuccinimido)- 
modified p^de monomers are then jM^parcd from a cysteine-containing peptide 
10 (monomer) and N-hexyhnaleimide by mixing one part pqjtide wifli 1.5 parts N- 
hexylmaleimide in dimethylfonnamide (3.3 ml/mM peptide) followed by addition 
to 30 volumes of 0.1 M ammonium bicarbonate, pH 7.5. The S-allqrlation 
reaction carried out in this manner is complete in 30 min. The resulting S-(N- 
hexylsuccinimido)-modified peptide monomer is purified by preparative reverse- 
15 phase EiPLC, followed by lyophili2ation as a fluffy, white powder. 

Bissuccmimidohexane peptide dimers, either as homoduners or 
heterodimers, may be prepared according to the method of Cheronis et al., supra 
firom cysteine-substituted peptides in the same or diflFerent positions, respectively. 
A mixture of one part bismaleimidohexane is made with two parts peptide 
20 monomer in dimethylfonnamide (3.3 ml/mM peptide) followed by addition to 0. 1 
ammonium bicarbonate, pH 7.5. The reaction mixture is stined at room 
temperature and is usually completed within 30 min. The resulting 
bissuccinimidohexane peptide dimer is purified by preparative reverse-phase 
HPLC. After lyophilization the material is a fluffy, v^*ite powder. 
25 Covalently cross-linked BK analog dimers of die present invention 

may be prepared by utiliadng homobifimctional cross-linking reagents, e.g., 
disuccinimidyl tartrate, disuccinimidyl suberate, ethylene glycolbis(succinimidyl 
succmate), l,5-difiuoro-2,4-diniiioben2ene ("DFNB"), 4,4'-diisothiocyano-2,2'- 
disulfonic acid stilbene ("DIDS"), and bismaleimidohexane ("BMH"). The cross- 
30 linking reaction occurs randomly between the single-chain BK analogs. 
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Alternatively, heterobifunctional cross-linking reagents may be 
employed. Such agents include, for example, N-succinimidyl-3^2- 
pyridyldithio)propionate C'SPDP"), sulfosuccinimidyl-2-0>a2idosaKcylamido)ethyl- 
l-3'-dithiopropionate ("SASD", Pierce Chemical Company. Rockford, IL), N. 
5 * maleimidobenzoyl-N-hydroxy-succinimidyl ester ("MBS"), m- 
maleimidobenzoylsulfosuccinimide ester ("sulfo-MBS"), N-succinimidyl(4- 
iodoacetyl)aminoben2oate ("SIAB"), succinimidyl 4^.maleimidomethyl> 
cyclohexane-lsarboxylale C'SMCC"), succinimldyMKp.inaleimidophenyl)butyiate 
("SMPB"), sulfosuccinimidyl(4-iodoacetyl)aminoben2oate ("sulfo-SIAB"), 
10 sulfosuccinimidyl 4-(N-maleimidomethyl)cyclohexane-l-carboxylate ("sulfo- 
SMCC), sulfosuccinimidyl 4-(p-nialeimidophenyl)-butyrate ("suIfo-SMPB"), 
bromoacetyl-p-aminobenzoyl-N-hydroxy-succinimidyl ester, iodoacetyl-N- 
hydroxysuccinimidyl ester, and the like. 

For heterobifunctional cross-Unking, a first single-chain BK analog 
15 is derivatized with, e.g., the N-hydroxysuccinimidyl portion of the bifunctional 
reagent, and the derivatized BK analog is purified by gel filtration. Next, a second 
single-chain BK analog (which may or may not be the same or different from the 
first BK analog) is reacted with the second fimctionai group of the bifunctional 
reagent, assuring a directed sequence of bmding between components of the BK 
20 dimer. 

Typical heterobifimctional cross-linking agents for forming protein- 
protein conjugates have an amino-reactive N-hydroxysuccinimide ester (NHS-ester) 
as one fimctionai group and a sulfliydiyl reactive group as the other fimctionai 
group. First, epsilon-amino groups of surface lysine residues of the first single 

25 chain BK analog are acylated with the NHS-ester group of the cross-linking agent 
The second single chain BK analog, possessing fi^ee sulfliydryl groups, is reacted 
with the sulfhydryl reactive group of the cross-linking agent to fonn a covalently 
cross-Unked dimer. Common tiiiol reactive groups include maleimides, pyridyl 
disulfides, and active halogens. For example, MBS contains a NHS-ester as tiie 

30 amino reactive group, and a maleimide moiety as tiie sulfliydryl reactive group. 
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Photoactive heterobifimctional cross-linking reagents, e.g., 
photoreactive phenyl azides, may also be employed. One such reagent, SASD, 
may be linked to a single-chain BK analog via its NHS-ester group. The 
conjugation reaction is carried out at pH 7 at room temperature for about 10 
minutes. Molar ratios between about 1 and about 20 of the cross-linking agent to 
the BK analog may be used. 

The purified, derivatized BK analog is collected by affinity 
chromatogrq)hy using a matrix having affinity for BK analogs, eg., a polyclonal 
antibody reared to the BK analog. Antibody for this purpose may be prqwued by 
coupling the BK analog to key hole limpet hemocyanin using l-ethyl.3-(3. 
dimethylaminopropyl).carbodiimide-HCL (Goodfriend et al.. Science 144, 1344 
(1964)). The resulting conjugate is used to immunize rabbits by the procedure of 
MQUer-Esterl et al.. Methods Emymol 163, 240 (1988) to produce anti-BK analog 
antibodies. The purified antibody is coupled to AFnOEL 10 (Bio-Rad, 
15 Richmond, CA) to fonn an affinity column. Immobaized anti-BK analog 
antibody, with the derivatized BK analog bound thereto, is then removed from the 
column by 0.2 M glydne elution and suspended in a solution of a second single 
chain BK analog. An ultraviolet light source (eg., MineraUght UVSL-25. Ultra 
Violet Products. Inc.. San Gabriel, CA) b positioned 1 cm from the gently stirred 
20 suspension and irradiated in a long-wavelength range for about 10 minutes. The 
suspension is put back on die anti-BK analog antibody affinity column and washed 
with a buffer containing 0.15 M NaCI, 0.1% bovine serum albumin, 0.01% 
polysorbate 80 and 25 KlU/ml of aprotinin to remove reaction byproducts. The 
covalently cross-linked dimer is elated with the same buffer system containing 
0.2 M glycine or 5 M guanidine. The eluted dimer is dialyzed against buffer to 
remove the chaotropic agent. 

Following reaction with die BK analog under ultraviolet irradiation, 
and chromatogrq)hy of the reaction mixture as above, the covalently cross-linked 
dimer is eluted with either 0.2 M glycine or 5 M guanidine. 



25 
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Wlule the above-described procedure utilizes SASD, a cleavable 
cross-linker, non-cleavable cross-linking reagents may be utilized which contain, 

e.^.,dpha-hexanoate.ratherthanbeta-ethyl-l,3-ditUopropopionate moieties. MSB 
is one example of a non-cleavable cioss-Iinking reagent. 

5 The single-chain BK analogs may be prepared by conventional 

solid phase peptide synthesis techniques using automated syndiesis. Alternatively. 
BK analogs may be prepared by recombinant DNA techniques. Based upon the 
known amino acid sequence of biadykimn, a synthetic gene may be constructed 
correspondmg to that sequence, and introduced into an appropriate host by 
10 appropriate cloning vectors. Thus, it should be understood that the present 
invention is not merely limited to the use of BK analogs as prepared by peptide 
synthetic metiiods, but also mcludes the corresponding polypeptide prepared by 
recombinant techniques. 

Moreover, by utilization of such recombinant techniques, one skilled 
15 m the art may prepare analogs of native bradykinin such as by site-duwted 
mutagenesis of the relevant DNA, wherein the native ammo acid sequence is 
modified by resultant single or multiple ammo acid additions or deletions. All 
such modifications resultmg in a BK analog are mcluded within the scope of the 
invention provided the molecule substantially retams the abiUty to inhibit 
20 dirombm-induced cell activation. 

The BKanalogs of the present invention inhibit a-thiombin-induced 
and ADP-induced platelet aggregation; block a-thrombin-induced calcimn 
mobUization; do not block '^'l-a-thrombin bmding to platelets; and prevent a- 
thrombin from cleavmg the thrombin receptor. P,x>tocols for the detemtination of 
25 these activities are set forth in Sections HA-IIE and Section W, herein 
respectively. 

Purified BK analogs may be administered in any circumstance 
where inhibition of thrombm-induced or ADP-induced platelet activation or 
platelet aggregation is sought. They are administered to subjects experiencing 
30 platelet thrombosis from any cause or tiiey may be used prophylactically for 
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persons undergoing surgery for insertion of artificial dacron grafts to prevent 
reocclusion events due to platelet thrombi. They may also be infused into 
individuals to prevent strokes and cerebral edema. 

The peptides may be administered by any convenient means which 
5 will result in delivery into the bloodstream in a substantial amount Intravenous 
administration is presentiy contemplated as the preferred administration route, 
altfiough intranasal administration may also be utilized. Since BK analogs are 
soluble in vrater, they may therefore be effectively administered in solution. The 
actual dosage administered may take into accotmt tiie size and weight of the 

10 patient, whether the nature of the treatment is prophylactic or therapeutic in nature, 
tfie age, healtii and sex of tiie patient, the route of administration, and other 
factors. An effective daily dosage of active ingredients based upon in vivo 
clearance studies involving HK, LK, D3 and SEQ ID NO:20 is from about 3g per 
day per 70 Kg of body weight The preferred dosage is about 3g per day per 70 

15 kg of body weight given in a single bolus infusion of 2.4 gm followed by a 
continuous infusion of 0,025 gm/hour. Those skiUed in tiie art should be able to 
derive appropriate dosages and schedules of administration to suit tiie specific 
circumstances and needs of the patient 

The amount of BK analog administered will depend upon the degree 

20 of platelet aggregation inhibition desired. While infusion of a sufficient BK 
analog to achieve 3g/day dosage may be advantageously utilized, more or less of 
tiie peptide may be administered as needed. The tiierapeutic end point may be 
determined by monitoring platelet function by aggregation and secretion, bleeding, 
and vessel patency. The actual amount of tiie BK analog administered and the 

25 Icngfli of tiie therapy regime to achieve die desired intravascular concentration is 
readily determinable by tiiose skilled in die art by routine metiiods. 

The BK analogs may be administered in a pharmaceutical 
composition in a nuxturc witii a pharmaceutically acceptable carrier. The 
pharmaceutical composition may be compounded according to conventional 

30 pharmaceutical formulation techniques. The carrier may take a wide variety of 
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forms depending on the form of preparation desired for administration. For a 
composition to be administered parenterally. the carrier will usually comprise 
sterile water, aldiough other ingredients to aid solubility or for preservation 
purposes may be included. Injeclable suspension may also be prepared, m which 
5 case appropriate liquid earners, suspending agents and the like may be employed. 
The preferred parenteral route of administration is intravenous administration. 

For intravenous administration, the BK analogs may be dissolved 

in any q>propriate intravenous delivery vehiclecontainingphysiologicallycom^^ 
ble substances, such as sterile sodium chloride having a buffered pH compatible 
10 wiA physiologic conditions. Such intravenous deUveiy vehicles are known to 
those skilled in &e art 

The foUowing experimental secrion iUustrates the practice of the 

inventioa 

^' Preparation of Hiri, Moli^l,r W eight Kininnp ^ g and UK An.inp . 

^ Preparation of High Mnli^n ijir Weig ht Kini^nf,^ 
HK was purified fiom phisma by a modification of the procedures 
of Johnson et cd., Thromb. Res. 48. 187 (1987) and Mttller-Esterl et cd.. Methods 
Enzymol 163, 240 (1987). One hundred ml of 1 mM DFP-treated ftesh ftozen 
20 plasma was thawed at 37»C, to which 10 mM benzamidine-HCl. 40 ^g/ml 
Polybrene. 2 mM EDTA, 0.2 mM PMSF, 0.2 mg/ml soybean trypsin inhibitor. 100 
U/ml aprotinin and 2 M NaCl were added according to the method of Schmaier 
et al.. Methods in Emymology 169, 276 (1989). The treated plasma was then 
applied to a 2.5 x 20 cm column of CM-papain-SEPHAROSE 4B equiHbrated in 
25 50 mM phosphate buffer containing 2 M NaCl. 1 mM benzamidine-HCl, 40 
Mg/mL Polybrene, 0.2 mM PMSF, 0.02% (w/v) NaNg, pH 7.5. The CM-paj^- 
SEPHAROSE 4B column was prepared by the procedure of Johnson et al., 
Thromb Res. 48, 187 (1987). HK and LK were eluted in a single peak after the 
addition of a 50 mM phosphate buffer solution containing 2 mM EDTA and 
30 0.02% (w/v) NaN3, pH 11.5. Five ml fractions were collected into tubes 



wo 96/41640 



PCTAJS96/09940 



-21- 



10 



containing 025 ml of a solution consisting of 4 mM PMSF in 1 M sodium acetate, 
pH 4.2 to bring the final pH to 6.0. The fractions containing HK and LK were 
then applied to a reactive Blue-Sepharose column (Sigma Chemical Corp, St. 
Louis. MO) equilibrated with 0.01 M sodium acetate pH 6.8 by the methods 
5 'reported by Hasan et ai, J. Biol. Chem. 269. 31822 (1994). Bound LK and HK 
were eluted using the same buffer containing 0.3 M and 2 M NaCl. respectively. 
HK (120 kDa) and LK (66 kDa) migrated as single bands on reduced SDS-PAGE. 
HK reacted with monoclonal antibodies to its heavy and Ught chains by ELISA 
and western blotting, while LK was recognized only by antibodies directed at its 
heavy chain. Purified HK retamed its procoagulant activity and had a specific 
activity of 1 1-22 U/mg as previous reported by Schmaier et al, supra. 



B* Preparatioq of BK Analng ^ 

A number of BK analogs that encompass all or a portion of the 
15 native BK sequence (SEQ ID N0:1), including SEQ ID N0:7, SEQ ID NO:8. 
SEQ ID N0:12, SEQ ID NO:13, SEQ ID N0:14, SEQ ID N0:16. SEQ ID 
NO: 18, and SEQ ID NO:20 and peptides SEQ ID NO:4. SEQ ID N0:5, SEQ ID 
N0:9. SEQ ID NO:10, SEQ ID N0:11, and SEQ ID N0:15 were synthesized. 
Each peptide was syntfiesized on an Applied Biosystems model 431 peptide 
20 synthesizer, witfi the carboxy-termmal amino acid covalently attached to a solid 
phase support, and succeeding ammo acids coupled sequentially to the amino 
terminus. The carboxyl group on the amino acid to be attached was activated with 

2-(l-H.benzotriazole-l-YL)-l,l,3.3-tetramethyluroniumhexofluorophosphate 
(HBTU) and l-hydroxybenzotriazole (HOBt). The fluorenyl-methyloxycarbonyl 

25 moiety was then attached at the amino-terminal end as a blocking group. All 
peptides were purified by preparative reverse-phase HPLC. Each of these peptides 
was colorless, odorless, and, with the exception of SEQ ID NO: 15, water soluble. 
Each peptide was characterized to be homogenous by reverse phase HPLC, mass 
spectroscopy, and amino acid sequencing. SEQ ID N0:15 was hydrophobic 

30 requiring 0.01% DMSO in order to solubihze it 
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C. Preparation of Heterodimer and Four 
Branch MAP BK Analnff s 

Single-chain and multi-chain peptides of the BK analogs described 
hwem were prepared according to the following protocols. 

1. Preparation of Heterodimer 

The individual BK analogs used to prepare the heterodimer were 
synthesized as described in Section I.B. above. A heterodimer of BK analog SEQ 
ID NO:20 was prepared by synthesizing SEQ ID NO:20 according to die 
procedure described in Section LB. above. At the amino terminus of SEQ ID 
NO:20, aNa-(t-butyloxycarbonyl-Ne-9-fluorenyhnethyloxycarbonyl-L-lysine was 
attached using HBTU and HOBt. The amino acid was followed by attachment of 
N-fluorenyl-metiiyloxycaibonyl-L-glutamic acid-a-butyloxycarbonyl ester by the 
same procedure. The glutamic acid's ftee carboxyl group was then attached to the 
15 amine side chain of die fluorenyl-methyloxycarbonyl moiety of the L-lysine 
resulting in a heterodimer rather than a linear amino acid. BK analog SEQ ID 
NO:20 was then built onto die fiee amine of the N-fluorenyl-methyloxycarbonyl 
of die L-glutamic acid. The heterodimer having die formula: 
Arg-Pro-Pro-Gly-Phe-Glu 
20 l!ys-Phe-Gly-Pro-Pro-Arg 

was purified by reverse phase HPLC and the single species was characterized by 
mass spectroscopy. 

2. Preparation of Four Branch MAP 

25 A four-branch MAP of BK analog SEQ ID NO:20, hereinafter 

called "4-MAP," was prepared. "MAP" is an acronym for "multiple antigenic 
peptide". The structure for 4-MAP is as follows: 



wo 96/41640 



PCT/US96/09940 



23 



Arg-Pro-Pro-Gly-Phe 
Aig-Pro-Pro-Gly-Phi 
Aig-Pro-Pro-GIy-P] 




Lys— pAIa 



10 



15 



Arg-Pro-Pro-Gly-Phe 

To prepaie 4-MAP, a resin core, having a P-alanine attached 
through its carboxyl group, was joined to a free carboxyl of lysine through the free 
amine of ^-alanine (pAla) to form a lysine-p-alanine complex. Two additional 
lysine residues were then attached by tfieir free amine groups to the free carboxyl 
of the first lysine. Four molecules of SEQ ID NO:20 were then attached through 
their phenylalanine residues to the free amino groups of the two lysine residues, 
following activation with HBTU and HOBt as described in Section I.D. above. 
The 4-MAP was purified by reverse phase HPLC and then characterized by mass 
spectroscopy. 



D- Inhibition of Thrombi n-Induced Platelet Activation hv BK Analogs 

The following studies demonstrate that BK analogs correqjonding 
20 to a region extending from about residue 357 through residue 383 of the heavy 
chain of HK are useful as inhibitors of thrombin-induced platelet activation. 

A. BK Analog Inhibition of Platelet 
Aggregation and Secretion 

25 The following study demonstrates that the BK analog SEQ ID 

NO: 14 at a concentration of 1 mM completely inhibits a-thrombin-induced platelet 
aggregation and secretion while SEQ ID N0:6, a scrambled peptide having the 
same amino acid count as SEQ ID NO: 14, at 1 mM, produced only 26% inhibition 
of aggregation and 8% inhibition of secretion after a-thrombin activation. 

30 Likewise, a peptide overlj^)ping in sequence with BK analog SEQ ID NO: 14, SEQ 
ID NO: 18 (1 nM), produced only 22% inhibition of aggregation and 4% inhibition 
of secretioa A series of platelet aggregation and secretion studies were also 
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perfonned to define the minimal native BK sequence that retained the ability to 
inhibit a-thrombin-induced platelet activation. 

Fresh whole blood was collected and mixed with 0.013 M sodium 
citrate and platelet-rich plasma was prepared according to the method of Meloni 
5 et al, J. Biol Chen,. 266, 6786, 1991. Washed platelets were prepared by gel 
filtration over Sepharose 2B columns in Hepes-Tyrode's buffer (0.137 M NaCl, 
3 mM KCl, 0.4 mM Na H^PO,, 12 mM NaHCO,, 1 mM MgCl,, 14.7 mM Hepes' 
containing 20 mM glucose and 0.2% bovine serum albumin, pH 7.35). Platelets 
for aggregation and secretion studies wwe incubated according to the method of 
10 Schmaicr et al. , Blood 56, 1013, 1980 with 5-['*C]hydroxytryptamine for 30 min 
at 37°C. The washed platelets (2 X lOVml. final concentration radiolabeled with 
5-["C]hydn>xytryptamine) were added to a cuvette of an aggregometer (Chronolog 
Corp., Havertown, PA), standardized usmg the protocol of Meloni et al, supra. 
After the addition of ZnCl^. final concentration 50 ^iM. purified HK (1 /xM) or 
15 various concentrations of the peptides (0.1 to 3 mM) or buffer alone was added 
to the cuvette. Once the baseline stabilized, a-thrombin [0.125 U/ml (1 nM) final 
concentration] was then added to initiate platelet activation. Stirred platelets were 
allowed to incubate with a-thrombin and additions for 1 min. In other 
experiments, platelets were stimulated with TRAP (0.625 to 2.5 pM), ADP (1-5 
20 A.M)(Sigma), collagen (1.25 ^g/ml) (Horm, Munich, Germany), or U-t6619 (I 
MM)(Calbiochem Behring, San Diego. CA). Additional experiments were 
performed with washed platelets stimulated with y-thrombin (1 nM) in the 
presence of human fibrinogen (100 mg/dl). Both y-thrombin and human 
fibrinogen were purchased fiom Enzyme Research Laboratories, South Bend, IN. 
25 At the conclusion of the incubation, the entire platelet sample was centrifuged at 
10,900 xg (Model E, Beckman Instruments. Palo Alto. CA) over a 0.135 mM 
formaldehyde, 5 mM EDTA solution (1 part of formaldehyde-EDTA to 4 parts of 
platelet suspension) and stored on ice until an aUquot of the supernatant was 
assayed for 5-["C]hydroxytryptamine secretion. Percent secretion was determined 
30 by the ratio of the loss of S-L'-^qhydroxytryptamine in the supernatant of the 
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agonist-treated specimen to the loss of 5-["C]hy<lroxytryptamme in the supernatant 
of the platelet lysate after the value of the control siqjematant {Le., the level of 5- 
['*C]hydroxytryptamine in a unstimulated sample) was subtracted fiom both. 

As shown in Figures 1 A-1 C, each peptide that contained the amino 
5 acid sequence Arg-Pro-Pro-Gly-Phe (SEQ ID NO:20) produced concentration- 
dependent inhibition of a-thrombin-induced platelet aggregation and secretion, hi 
all cases, the degree of inhibition of platelet aggregation was greater at a givoi 
concentration of peptide than the d^ree of inhibition of platelet secretion. The 
most potent thrombin inhibitor among those tested was the BK analog SEQ ID 
10 NO: 14, which mhibited platelet aggregation and secretion with an ICjo of 0.23 and 
0.5 mH respectively aable I). BK (SEQ ID N0:1) is also a potent inhibitor of 
a-thrombin-induced platelet activation widi an ICjo of 0.25 mM and 1.0 mM for 
aggregation and secretion inhibition, respectively. The BK analog, SEQ ID 
NO: 18, wUch comprises the four carboxy terminal amino acids of the native BK 

15 sequence segmrait, plus twelve additional amino acids, produced only slight 
inhibition of a-tfarombin-induced platelet activation with an ICjj ^ 3 mM. The 
BK analog comprismg die five amino terminal ammo acids of the native BK 
sequence segment. Arg-Pro-Pro-Gly-Phe (SEQ ID NO:20), inhibited a-thrombin- 
mduced platelet aggregation with an ICjo of 0.5 mM. At 1 mM, SEQ ID NO:20 

20 inhibited 95% of platelet aggregation and 25% of secretion, while two scrambled 
peptides having the ammo acid SEQ ID NO:20, SEQ ID NO:5 and SEQ ID N0:9, 
did not inhibit a-thrombin-mduced platelet aggregation and secretion at 1 mM, 
BK analogs of the mid or carboxy terminal regions of BK, SEQ ID N0:7 and 
SEQ ID NO: 16, were poor inhibitors of a-thrombin-induced platelet activation 

25 with IC50 > 2 mM. It would also appear that the amino and carboxyl terminal 
arginine residues of the native BK amino acid sequence participate in die 
inhibition of a-thrombm-induced platelet activation. The ability of the BK analogs 
to block platelet activation was specific for thrombin-induced platelet activation 
in that the BK analogs did not inhibit collagen-, or U46619-induced platelet 

30 aggregation and secretion. Further, BK analogs inhibited y-thrombin-induced (1 
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nM) platelet activation in the presence of 100 mg/dl human fibrinogen and 
platelet-rich plasma. 



m 
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* The data presented are the mean of three or more similar experiments. 



^ ^ BK Analog Inhibition nf Calcium ]Vfohiib«»in» 

Further studies were performed to ascertain whether BK analogs 
inhibit a-thrombin-induced Ca^^ mobilization in platelets. Since a-thrombin 
activation of platelet stimulus response coupling precedes platelet aggregation 
(Charo et al., J. Clin. Invest., 60. 866 (1977), finding that BK analogs inhibit a- 
25 dirombin-induced calcium mobiUzation indicates that BK analogs interfere with 
a-dm>mbm activation of platelets at the level of the stimulus response coupling 
mechanism. 

The cytoplasmic free Ca^* concentration ([Ca'*]y) was measured 
using the fluorescent Ca^* indicator fura-2 (Molecular Probes. Inc., Eugene. OR). 
30 Gel filtered platelets in Hepes-Tyrode's buffer were 1 aded with fiira-2 by 
incubation at SJ'C with 1 fura-2/acetoxymethyl ester for 45 min according to 
the method of Rasmussen etal., J. Biol. Chem. 268, 14322 (1993). The labeled 
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platelets were then re-gel fUtered to remove any excess probe, Aliquots of the 
labeled platelet suspension were transferred into a quartz cuvette with a magnetic 
stirrer, which was then placed in a thermostatically controlled chamber at 37*^0 in 
a fluorescence spectrophotometer (Dual Wave Length Shimazdu SP5000 
5 Spectrofluorometer, Shimazdu USA, Pittsburgh, PA). Reagents were directly 
added to the cuvette. The excitation wave lengths varied between 340 and 380 
nm. The fluorescence was measured by recording emitted light at 510 nm as 
reported by Fisher et al., MoL Pharm. 35, 195 (1989). The minimum emission 
was determined on a 20 mM digitonin, 10 mM EGTA solubilized platelet sample; 

10 m a xim i m i emission was determined on the same sample with 10 mM Ca^* added. 
The intraplatelet free Ca^ concentration was calculated by the method of 
Grykiewicz et al., 1 Biol Chem, 260, 3440 (1985). The intraplatelet free Ca^^ 
concentration was calculated by the method of Grykiewicz et al, 1 Biol Chem, 
260, 3440 (1985). The ratio of the fluorescence readings was calculated as R = 

15 340/380 nm and processed accordmg to die equation [Ca^^ = ^/>((R-R„ri„)/iJ„«x- 
*))( V'S'bi) to determine the intrs^latelet free Ca^ concentration. The for fiira- 
2 was assumed to be 224 nM, ^j^ax 'Wn ^ maximum and minitn^iTn 
fluorescence ratios measured at the end of the experiment, respectively; and 
are the fluorescence values at 380 nm in the absence and presence of saturating 

20 [Ca^^, respectively. 

As shown in Figure 2 A, thrombin alone induces a substantial change 
in Ca^* mobilization which was inhibited by HK (Figure 2B). BK and BK analog 
SEQ ID NO: 14 block a-thrombin-induced calcium mobilization similar to their 
parent protem, HK (Figure 2C and Figure 2D). Increasing concentrations of BK 

25 and BK analog SEQ ID NO: 14 produced decreasing Ca^" mobilization with an IC50 
of 0.23 and 0.3 mM, respectively. The results of tiie concentration dependent 
study are presented in Figure 3. 

It was also found that SEQ ID NO:20 was able to inhibit a- 
thrombm-induced calcium mobilization in a concentration dependent manner. One 

30 mM of BK analog SEQ ID N0:20 produced 80% inhibition of a-tiirombin- 
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induced calcium mobilization (Figure 4B). When the concentration of the BK 
analog SEQ ID NO:20 was reduced to 0.5 mM and 0.125 mM, the level of a- 
thrombin-induced calcium mobilization returned to levels exhibited in the absence 
of a a-thrombin inhibitor (Figure 4A). The results are shown in Figures 4C and 
4D, respectively. These data indicate that BK analogs interfered with a-thrombm 
activation of platelets at the level of the stimulus-response coupling mechanism. 



C. BK Analogs Do Not Inhibit '^-a- 
^" Tlirombin Bindiny tn fiateiets 

An '"I^x-thrombin bindmg study was conducted to determine if the 
BK analogs described herein inhibited iodinated a-thrombin bmding to platelets. 

Gel filtered platelets were placed into polypropylene tubes and 
diluted with Hepes-Tyiode's buffer, containing 2 mM CaClj and 50 ZnCl, and 
15 additions, to a final concentration of 2 X 10« platelets/ml. TTie reaction was 
started by the addition of 1 nM '^I-a-thrombin. which was prepared by using the 
iodogen technique as reported by Meloni et al, J. Biol Chem. 266, 6786 (1991). 
Incubations were performed at 37°C for specified times with various additions. 
After mcubation, 50 /xl aliquots were removed in triplicate for each experimental 
20 point and placed in polypropylene microcentrifiige tubes with an extended tip 
containing 200 /xl of an oil mixture which consisted of 1 part Apiezon A oil to 9 
parts of n-butylphlhalate (Gustafson et al., J. Clin. Invest 78. 810 (1986)), and 
centrifuged at room temperature for 2 min at 10,900 x g in a microcentrifiige. 
(Model E, Beckman Instruments, Palo Alto, CA.) The supernatant was removed 
25 and the tips amputated for placement in the gamma counter. The radioactivity 
present m the cell pellet was determined with an LKB Rack Gamma Counter 
(LKB Instrmnents, Inc., Gaithersburg. MD). Nonspecific binding was measured 
in the presence of a 100-fold molar excess of a-thrombm. 

Hie data plotted in Figure 5 are the mean of three experiments and 
indicates that 200 nM HK was able to inhibit proteolytically active a-thrombin 
from bindmg to platelets. On the contrary, although BK analogs are good 



30 
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inhibitors of a-thrombin-induced platelet aggregation, secretion, and calcium 
mobilization at 1 mM concentration, the BK analogs SEQ ID NO: 14 and SEQ ID 
NO:8 did not block '"l-a-thrombin binding to washed platelets. These data 
indicated that the mechanism by which BK analogs inhibit a-thrombin-induced 
5 platelet activation is different dian that produced by HK, LK, or D3, /.e., they do 
not block '^*I-a-thrombin binding to platelets. 

D. Mechanism of BK Analog Inhibition of tt-Thrombin 
Activation of Plate lets as Determined hv Flow Cytometry 

1® Flow cytometry studies were performed to detemiine whether BK 

analogs prevent a-tfarombm from eliminating an epitope on the thrombin receptor 
vMch is lost following a-thrombin cleavage of the receptor. SPAN12 is an 
antibody to the thrombin receptor on platelets, which is specific for such an 
epitope. Studies were also performed to determine the effect of BK analogs on 

15 an epitope recognized by monoclonal antibody ATAP138. The antibody is 
directed to an epitope on flie thrombin receptor \»4uch is preserved after a- 
thrombin cleaves the receptor (Figures 7A-7D). 

Monoclonal antibody SPAN12 was reared to the 12 amino acids, 
Asn-Ala-Thr-Leu-Asp-Pro-Arg-Ser-Phe-Leu-Leu-Arg (SEQ ID N0:2), that bridge 
20 the a-tfarombin cleavage site on the thrombin receptor by the methods of Molinot 
et al, J. Biol. Chem. 270:In Press, 1995. Monoclonal antibody ATAP138 
recognizes the epitope Asn-Pro-Asn-Asp-Lys-Tyr-Glu-Pro-Phe (SEQ ID N0:3) on 
the thrombin receptor which is preserved after cleavage by a-dirombin as reported 
by Brass et al., J. Biol. Chem. 267, 13795 (1992). Monoclonal antibodies to the 
25 thrombin receptor, SPAN12 and ATAP138, were obtained from Dr. Lawrence F. 
Brass of the University of Pennsylvania, and were prepared according to the 
method of Brass et al., supra. 

Platelets for flow cytometry studies were prepared from 53.3 ml 
fi«sh blood anticoagulated with 8.7 ml acid citrate dextrose (10 mM trisodiura 
30 citrate, 66 mM citric acid. 111 mM glucose, pH 4.6). Washed platelets from 
platelet-rich plasma were prepared by centrifijgation at 180 x g for 15 min. al 
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loom temperature. The platelet-rich plasma ^vas brought to a final concentration 
of 2.8 with PGEl (Sigma) and 1:25 (vol.vol) with 1 M sodium citrate. After 
a 5 min. incubation at room temperature, the platelet-rich plasma was centrifuged 
at 1200 X g for 10 min. at room temperature. The platelet pellet was then re- 
5 suspended in 10 ml of platelet wash buffer (128 mM NaCl. 4.26 mM NaHjPO^, 
7.46 mM NajHPO^. 4.77 mM sodium citrate. 2.35 mM citric acid, 5.5 mM 
glucose, 3.5 mg/ml bovme serum albumin, pH 6.5) followed by centrifiigation at 
1200 X g for 5 mm. at room temperature. After re-suspension in 5 ml of platelet 
suspension bufier (137 mM NaCl, 2.6 mM KCl. 13.8 mM NaHCOj. 5.5 mM 
10 glucose. 1 mM MgCI,, 0.36 mM NaH^O,. 10 mM Hepes. 3.5 mg/ml bovine 
scrum albumin, pH 7.35), the platelet count was adjusted to 400,000//tl. One 
hundred fil of washed platelets were then placed in a 5 ml roundbottom 
polystyrene tube and were subjected to varying treatments, which included 
e:qiosure to or in the absence of the BK analogs and/or incubation for 5 min. with 
15 or without the platelet agonist, a-thrombin (0.125 U/ml or 1 nM). Primary 
antibodies were added at a final concentration of 2 ^g/ml and the antibodies were 
incubated widi the platelets for 30 min at 4*C. After incubation, the platelets were 
diluted with 500 /il of platelet suspension bufier and again centrifiiged at 1200 x g 
for 5 min. at rwm temperature. The platelet pellets were then re-suspended in 
20 100 Ml of platelet suspension buffer and incubated with a 1:40 dilution of an anti- 
mouse IgG conjugated with FITC. After an additional incubation for 30 min. at 
4»C. the platelets were again centrifuged at 1200 x g for 5 min. followed by re- 
suspension in 500 nl of platelet suspension buffer. 

Mouse IgG and an antibody to the epitope CD62 were used as 
25 controls. Mouse IgG (Code #4350) was purchased from BioSouice. Camarillo, 
CA. The fluorescence of bound FITC-anti-IgG to platelets was monitored on an' 
Epics-C flow cytometer (Coulter Electronics, Hialeah. FL). Light scatter and 
fluorescence chamiels were set at logarithmic gain. Laser excitation was at 
488 nm. Green fluorescence was observed through a 525 om band pass filter. 
30 The relative fluorescence intensity of at least 15,000 platelets was analyzed in each 
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sample. An antibody to CD62 (P-selectin) was purchased fiom Becton-Dickinson 
(Catalogue # 550014), San Jose, CA. 

As seen by the forward scattra- of the flow cytogram (Figure 6A, 
ghost curve), SPAN12 detects an antigen on the Arombm receptor on unstimulated 
5 platelets. A thrombin receptor was described by Vu et ai. Cell 64, 1057 (1991), 
When the washed platelets were treated witfi 1 nM a-thrombin (Figure 6A, solid 
curve), there was a decrease in the antigenic ejqiression of the epitope of tiie 
monoclonal antibody SPAN12. The forward scatter of the SPAN12 epitope seen 
on unstimulated platelets (ghost curve of Figure 6A) was shifted towards flie origin 

10 on a-thrombin activated platelets (solid curve. Figure 6B) giving an absent antigen 
detection pattern similar to that for mouse IgG (Figure 6F) used as a control. The 
presence of 1 mM BK and the BK analog SEQ ID NO: 14 prevents the loss of flie 
epitope of the thrombin receptor on a-thrombin activated platelets (1 nM) (Figures 
6B and 6C.) However, 1 nM SEQ ID N0:18, a BK analog that partially overlaps 

15 tiie amino acid sequence of BK analog SEQ ID NO: 14, or 1 nM of an unrelated 
peptide (SEQ ID N0:4) having an amino acid content similar to BK analog SEQ 
ID NO: 14, did not prevent a-thrombin fixwn altering the epitope to SPAN 12 
(Figures 6D and 6F). Witiiout wishing to be bound by any tiieory, these studies 
suggest tiiat the BK analogs function by actually preventing a-thrombin from 

20 cleaving its cloned receptor. 

The decrease seen in the extent of the epitope expression of 
ATAP138 between activated (solid curve) and unactivated platelets (ghost curve) 
(Figure 7A) represents internalization of die platelet thrombin receptor after 
activation as suggested by Hoxie et al, J. Biol Chem. 268, 13756 (1993) and 

25 Brass et al, J. Biol Chem. 269, 2943 (1994). The BK analog SEQ ID NO: 14 
blocked a-tiirombin from removing the epitope of tiie monoclonal antibody 
ATAP138 (Figure 7B). Control experiments were also performed with Mouse IgG 
(Figure 7Q and an epitope to CD62 (Figure 7D) which demonstrate no shift m tiie 
flow cytogram before and after a-thiombin activation. 

30 
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E. BK Analogs Prevent a-Thrombin from 
Cleaving <h e Thrombin Receptor 

A further study was perfonned to determine whether BK analogs 
prevent a-tfarombin from cleaving the thrombin receptor reported by Vu et al.. 
Cell 64. 1057 (1991). A peptide. NAT12 (SEQ ID N0:2). which spans amino 
acids 55-46 of the a-thrombin cleavage site on the thrombin receptor, was used 
to determine whether the BK analogs described herein blocked a-thiombin 
cleavage of the cloned receptor. 

The cleavage study was perfonned accordmg to the method of 
Molino etal.,J. Biol Chem. 270. 1 1 168 (1995), in which NAT12 (SEQ ID NOiJ) 
was dissolved m a solution of 0.01 M NaHJPO, and 0.15 M NaCl, pH 7.4. TTie 
mixture was then incubated with 8 nM a-thrombin for one hour at 37» C either 
in the absence (control) or presence of ImM of BK analog SEQ ID NO:20, or in 
the presence of 1 mM of a non-BK analog (SEQ ID NO:22). or in the presence 
15 ofSOOnMHK Following incubation, each mixture was separated by applying 
the mixture to a Vyadec C-I8 HPLC column in 0.1«/o trifluoroacetic add and 
eluting the mixture with a gradient from 0% to 100% of 80% MeCN and 0.1% 
trifluoroacetic acid and eluting the mixture with a gradient from 0% to 100% of 

80% MeCN and 0.1% trifluoroacetic acid. The size ofthe separated products were 
20 confirmed by mass spectrometiy. 

As shown m Figure 8A. NAT12 (SEQ ID N0:2) when measured 
by HPLC. produced a single peak. Peak 1 of Figure 8A represents 100%. When 
NAT12 (SEQ ID N0:2) was treated with a-thrombin (Figure 8C, peak 1). its peak 
area was reduced by 8 1 % and two new peaks ^peaied to its left, constituting 44% 

25 (peak 3) and 37% (peak 2), re^ectively. of the original peak area (Figure 8 A). 
The additional peaks, peaks 3 and 2, shown in Figure 8C. represent the cleavage 
products of NAT12. In the presence of BK analog SEQ ID NO:20 (Figure 8D) 
peak I of NAT12 (SEQ ID NO:2) was reduced by 57% after treatment with a- 
thrombin. The cleavage products of NAT12 (Figure 8D, peaks 3 and 2) constitute 

30 31% and 26%, respectively, of the non-treated peak area (Figure 8A). 
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Figure 8B represents the chromatogr^h for isolated BK analog SEQ 
ID NO:20. When NAT12 (SEQ ID NO:2) was treated with a-thrombin in the 
presence of BK analog SEQ ID NO:20, the peak for BK analog SEQ ID NO:20 
appeared between those for the a-thrombin cleavage products (Figure 8D, peaks 
5 *3 and 2). In the presence of 100 nM HK, a-thrombin reduced the size of the 
original peak for NAT12 (SEQ ID NO:2) (Figure 8A) by only 32% (Figure 8E), 
Moreover, the two a-thrombin cleavage firagments, peaks 3 and 2 in Figure 8E, 
constituted only 18% and 14%. respectively, of the area of peak 1 in Figure 8A. 
The fourth peak seen in Figure 8E represented a peak from the HK preparation 

10 and is not an additional a-thrombin cleavage fragment. 

When the non-BK analog (derived from domain 3 of kininogen) 
(SEQ ID NO:22) was reacted with NAT12 (SEQ ID N0:2), no protection from 
a-thrombin cleavage was observed (Figure 8F). In the presence of the non-BK 
analog (SEQ ID NO:22), a-thrombin produced an 86% reduction in peak area 

15 (Figure 8F) as compared to intact NAT12 (SEQ ID N0:2) (Figure 8A) with 54% 
and 32% of the peak area reduced in peaks 3 and 2, respectively (Figure 8F), 
relative to peak 1 (Figure 8A). 

These results confirm that the BK analogs described herein 
prevented a-thrombin from cleaving the cloned thrombin. It is believed that this 

20 represents a novel mechanism of inhibition of a-thrombin activation of platelets. 

in. BK Analogs Inhibit Platelet Function In Vivo and In Vitro 

Additional studies were carried out to demonstrate that the BK 
analogs described herein inhibit thrombin-induced platelet activation in vivo in 
rabbits and in vitro in human platelets. 

A. Rabbit Clearance and Function Inhibition Study 

Clearance studies have been performed in New Zealand white 
rabbits with BK analog SEQ ID NO:20. White rabbits weighing between 2.0 and 
2.5 kg were premedicated according to the method of Michelson et ai, 1 Mol 
Cell Cardiol 20, 547 (1988) with 10 mg/kg 1 M xylazine and 10 mg/kg 1 M 
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ketamine. After tracheostomy, intubation, and positive pressure ventilation done 
with room air (Harvard instruments), stage HI surgical anesthesia was maintained 
with 20 mg/ml of intravenous pentobarbital. A carotid artery and a jugular vein 
were tiien exposed. A catheter was inserted into die exposed carotid artery for 
5 withdrawal of blood samples and monitoring die annual's blood pressure (Gould, 
Inc., Cardiovascular Products, Oxnard, CA). In a similar maimer, a catheter was 
inserted into the exposed jugular vein for admmistering the anesthetic and BK 
analog SEQ ID NO:20. 

For the clearance study, a single bolus of BK analog SEQ ID 
10 NO:20 was injected. The amount of BK analog SEQ ID NO:20 injected was 
calculated fiom the weight of the animal such that the blood volume was 1 mM 
with peptide. For example: for a 2.5 kg rabbit, 7% of its weight gives an 
estimated blood volume of 175 ml. Accordingly, 89 mg of BK analog was 
mjected to make the 175 ml plasma sample ImM. Depending upon the size of die 
15 animal, 75 to 90 mg pqjtide was injected. Blood samples were coUected at 2, 4, 
6, 8, 10. 20, 30, 40, 60, 90, and 120 minute intervals after infusion into a 0.013 
M sodium citrate anticoaguhmt solution. Plasma was prepared from each of flie 
blood samples collected over time by centriiiigation of die blood samples at 10,00 
xg for two minutes. Aliquots of the plasmas were assayed for die presence of die 
20 BK analog SEQ ID NO:20 antigen by die ELISA technique using a MARKIT-M 
[1-5] BK assay from Damippon Pharmaceutical Co., Ltd., Osaka, Japan. 

For die function inhibition stiidy, other New Zealand white rabbits 
weighing between 2.0 and 2.5 kg were surgically prepared as described above. 
After a single bolus infiision of BK analog SEQ ID NO:20 calculated as described 
25 above, 5 ml blood samples were collected at 2, 6, 10, 30, 60, 90, 120, 150, 180, 
210, and 240 minute intervals following iafiision into a 0.013 M sodium citrate 
anticoagulant solution. The collected blood samples were centrifiiged at 180 xg 
(1000 rpms) for 15 minutes at room temperature. The platelet-rich plasma (PRP) 
portion of die blood was contained in the supernatant. The platelet count of die 
30 PRP, obtamed widi an H-IO Cell counter (Texas International Laboratories, Inc., 
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Houston, TX), was adjusted with rabbit platelet-poor plasma to 200,000-250,000 
platelets//iL 

Platelet aggregation studies on the PRP were conducted on a 4- 
channel aggregometer (BioData-PAP-4, Bio Data Corp., Hatboro, PA). The 
5 degree of platelet aggregation was determined by measuring the increase in light 
transmission through a stirred suspension of PRP maintained at 37°C. Platelet 
aggregation was induced in the PRP sample by addition of 20 /iM ADP and 
thrombin according to the method of Harfenist ei al, Thromb. Haemost. 53, 183 
(1985). Gamma-thrombin (Enzyme Research Laboratories, South Bend, IN) was 

10 used for this study in lieu of a-thrombin because it does not proteolyze fibrinogen 
and clot platelet-rich plasma. Like human platelets, rabbit platelets display a 
variable response to y-thrombin. Each rabbit's platelets were evaluated before BK 
analog infusion for their threshold response to y-thix)mbin. The rabbit platelets 
used in this experiment were responsive to 10 nM to 40 nM y-thrombin. 

15 Simultaneous y-thrombin-iiKiuced platelet aggregation studies were performed wifli 
10, 20, and 40 nM y-thrombin and 20 ADP. 

As shown in Figure 9, the peak plasma concentration of BK analog 
SEQ ID NO:20 after infusion was 60 mg/ml (0.120 mM) for two of three rabbits, 
as determined by ELISA, No unfavorable effects were observed in the anunals 

20 following the bolus injection of the BK analog. The rabbits' blood pressure, pulse, 
and platelet count remained stable and there was no abnormal bleeding at the 
sui^ical sites of cutdowns and intubations. The half-life of BK analog SEQ ID 
NO:20 antigen clearance in plasma was calculated to be 6.6 minutes after infusion. 
Clearance of BK analog SEQ ID NO:20 initially was not due to renal excretion, 

25 as ligating the animal's renal arteries did not lengthen the half-life of the agent 
(Figure 9, Rabbit 2). Therefore, the major determinant of the immediate clearance 
of the BK analog SEQ ID NO:20 antigen was attributed to binding and/or 
metabolism. 

However, as shown in Figure 10, BK analog SEQ ID NO:20 had 
30 a prolonged biologic clearance. After a smgle bolus infusion of BK analog SEQ 
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IDNO:20. lOnMy-thrombin-inducedplateletaggregation was inhibited 100% for 
over 4 hours (data not shown). 20 nM y-thiombin-induced platelet aggregation was 
inhibited ^0% for 2.75 hours, and 40 nM y-thrombm-induced platelet aggregation 
was inhibited >50% for one hour. The data further indicated that there was ^50% 
5 -uihibition of ADP-induced platelet aggregation for roughly 45 minutes. This latter 
finding suggested that thrombin mediates ADP-induced platelet activation in vivo 
as well. Taken together, the data demonstrates that after a single bolus infusion 
of BK analog SEQ ID NO:20. having a peak peptide concentration of only 0. 120 
mM two minutes afier infusion, the BK analogs described herein were able to have 
10 a prolonged, selective inhibitory effect on thrombm-induced platelet activation in 
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B. BK Analogs Inhibit Thrombin-Induced 

Platdet Activatioi^ fn ^uman Platelets In Vitm 

Similar toibe in vitro platelet aggregation study done with the New 
Zealand white rabbits, a study was pcrfonned usmg human platelets to determine 
if BK analogs inhibit Arombm-induced platelet activation in vitro. 

The protocol for die human platelet study was identical to that for 
the functional study with white rabbits described above in Section HI.A. with the 
20 following differences. 

Blood samples were obtained fiom normal human volunteers. 
Platelet counts were measured witii a Coulter counter. Model 2F (Coulter. Hialeah, 
FL) and adjusted to a platelet count of 200.000 platelets//xl. Each individual's 
platelets at baseline were measured for their threshold response to y-thrombin. 
25 Typical threshold levels were between 10 nM to 40 nM. 

Figure 11 shows the results of using a heterodimer BK analog 
(labeled "HETERODIMER") and 4-MAP on y-thrombin-induced platelet 
activation. Human platelets m PRP were treated with 20 nM y-tfaiombin. Figure 
11 shows the tracings fiom the aggregometer. When 1 mM BK analog SEQ ID 
30 NO:20. 0.05 mM 4-MAP, or 0.5 mM of the heterodimer () was reacted with 20 
nM y-thrombin, the aggregation tracing was abolished. The specificity of this 
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reaction was demonstrated by comparing the results to those for a reaction done 
with 1 oiM of a non-BK analog peptide (SEQ ID NO:22). SEQ ID NO:22 was 
unable to alto: the ability of y-thrombin to induce platelet activation. 

Taken together, the data from the rabbit and human platelet function 
5 inhibition studies, as well as the rabbit clearance study, demonstrate that the BK 
analogs described herem were able to inhibit thrombin-induced and ADP-induced 
platelet activation. 

All references wifli respect to synAetic, preparative and analytic 
10 procedures are incorporated herein by reference. 

The present invention may be embodied in other specific forms 
widwut departing from the spmt or essential attributes thereof and, accordingly, 
reference should be made to the appended claims, rather than to the foregoing 
specification, as indicating the scope of the invention. 
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(D) STATE: Pennsylvania 

(E) COUNTRY: U.S.A. 

(F) ZIP: 19102 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.50 inch, 720 Kb 

(B) COMPUTER: IBM PS/2 

(C) OPERATING SYSTEM: MS-DOS 

(D) SOFTWARE: WordPerfect 5.1 
(vi) CURRENT APPUCATION DATA: 

(A) APPLICATION NUMBER: 
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(B) FILING DATE: 

(C) CLASSinCATION: 
(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 60/000,096 
5 (B) FILING DATE: 06/09/95 

(viu) ATTOKNEY/AGENT INFORMATION: 

(A) NAME: Monaco, Daniel A. 

(B) REGISTRATION NUMBER: 30,480 

(C) REFERENCE/DOCKET NUMBER: 8820-2 PC 
(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (215)568-8383 

(B) TELEFAX: (215) 568-5549 

(C) TELEX: 

(2) INFORMATION FOR SEQ ID NO: 1: 

15 (X) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

20 Arg Pro Pro Gly Phe Ser Pro Phe Arq 
15 

(3) INFORMATION FOR SEQ ID NO:2: 

(x) SEQUENCE CHARACTERISTICS: 
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(A) 



LENGTH: 12 amino acids 



(B) 



TYPE: amino acid 



(C) 



TOPOLOGY: linear 



(xi) SEQUENCE DESCaUPTION: SEQ ID NO:2: 



Asn Ala Thr Leu Asp Pro Arg Ser Phe Leu Leu Arg 
^5 10 

(4) INFORMATION FOR SEQ ID NO:3: 

(X) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Asn Pro Asn Asp Lys Tyr Glu Pro Phe 
1 5 

(5) INFORMATION FOR SEQ ID NO:4: 

(X) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
Phe Asn Gin Thr Gin Pro Glu Arg Gly Asp Asn Asn Leu Thr 



25 



5 



Arg 
15 



(6) INFORMATION FOR SEQ ID NO:5: 



(x) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

5 Phe Pro Arg Pro Gly 
1 5 

(7) INFORMATION FOR SEQ ID NO:6: 

(x) SEQUENCE CHARACTERISTICS: 
10 (A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

Phe Ser Gly Pro Lys Arg Ser Pro He Met Gly Arg Pro Ser 
15 1 5 10 

Phe Arg 
15 

20 (8) INFORMATION FOR SEQ ID NO:7: 

(X) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 

Phe Ser Pro Phe Arg Ser Ser 
1 5 

(9) INFORMATION FOR SEQ ID NO:8: 
30 (X) SEQUENCE CHARACTERISTICS: 
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(A) 



LENGTH: 11 amino acids 



(B) 



TYPE: amino acid 



(C) 



TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

5 Gly Phe Ser Pro Phe Arg Ser Ser Arg He Gly 
^ 5 10 

(10) INFORMATION FOR SEQ ID NO:9: 

(X) SEQUENCE CHARACTERISTICS: 
0 (A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

Gly Pro Phe Pro Arq 
5 1 5 

(11) INFORMATION FOR SEQ ID NO: 10: 



(x) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



(12) INFORMATION FOR SEQ ID NO:ll: 

(X) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 amino acids 
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(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCREPTION: SEQ ID NO: 1 1 : 

^^^^Sf^*^ "^al Val Pro Trp Glu Lys 



10 

Lye He Tyr Pro Thr Val Asn Cys Gin Pro Leu Gly Met 
15 20 25 

10 (13) INFORAfATION FOR SEQ DO NO:12: 

(x) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

15 (xi) SEQUENCE DESCRlPnON: SEQ BO NO:12: 

Met He Ser Leu Met Lys Arg Pro Pro Gly Phe Ser Pro Phe 
is 10 



Arg Ser 
20 15 



(14) INFORMATION FOR SEQ ID NO:13: 

(x) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 13 amino acids 

25 (B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPnON: SEQ ID NO:13: 

Met Lye Arg Pro Pro Gly Phe Ser Pro Phe Arg Ser Ser 
15 10 

30 

(15) INFORMATION FOR SEQ ID NO: 14: 
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(x) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 



(16) INFORMATION FOR SEQ ID NO:lS: 



(X) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15: 



Arg Val Gin Val Val Ala Gly Lys Lys Tyr Phe He 
15 20 25 

(17) INFORMATION FOR SEQ ID NO: 16: 



(X) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 



Met Lys Arg Pro 
1 



Pro Gly Phe Ser Pro Phe Arg Ser Ser 
5 10 



10 15 



He Gly 
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(xi) SEQUENCE DESCRIPTION; SEQ ID NO:16: 

Pro Pro Gly Phe Ser Pro 
1 5 

5 (18) INFORMATION FOR SEQ ID NO:17: 

(x) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:17: 

Xaa Arg Pro Hyp Gly Xaa Ser Xaa Xaa Arg 
15 10 

(19) INFORMATION FOR SEQ ID NO: 18: 

15 (x) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

20 Ser Pro Phe Arg Ser Ser Arg lie Gly Glu He Lys Glu Glu 
15 10 

Thr Thr 
15 

25 

(20) INFORMATION FOR SEQ ID NO: 19: 

(X) SEQUENCE CHARACTERISTICS: 

(A) LE3>fGTH: 6 amino acids 

(B) TYPE: amino acid 
30 (C) TOPOLOGY: Unear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19: 

Ser Phe Leu Leu Arg Asn 
1 5 

5 (21) INFORMATION FOR SEQ ID NO:20: 

(X) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

Arg Pro Pro Gly Phe 
1 5 

(22) DEFORMATION FOR SEQ n> NO:21: 
15 (x) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21. 

20 Arg Pro Pro Gly 
1 

(26) INFORMATION FOR SEQ ID NO:22. 

(X) SEQUENCE CHARACTERISTICS: 
25 (A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPnON: SEQ ID NO:22: 

Leu Asn Ala Glu Asn Asn Ala 
1 5 

5 (27) INFORMATION FOR SEQ ID NO:23: 

(x) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 amino acids 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

Cys Asn Ala Glu Val Tyr Val Val Pro Trp Glu Lys Lys He 
15 10 

Tyr Pro Thx Val Asn Cys Gin Pro Leu Gly Met He Ser Leu 
15 15 20 25 

Met Lys Arg Pro Pro Gly Phe Ser Pro Phe Arg Ser Ser Ara 
30 35 40 

20 He Gly Glu He Lys Glu Glu Thr Thr Val Ser Pro Pro His 
45 50 55 

Thr Ser Met Ala Pro Ala Gin Asp 
60 
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CLAIMS 



1 . A method of inhibiting ihrombin-induced platelet or other 
ceU activation comprising administering to an individual in need of such treatment 

5 an effective amount of a pq>tide,v*erein said peptide has an amino acid sequence 
of die formula: 

Xi-Arg-Pro-Pro-Gly-Xz 

wherein: 

X, is fitom zero to thirty natural or syndetic amino acids; and 
^2 is from zero to thirty natural or synthetic amino acids; 
provided that the peptide may not be native bradykdnin. 

2. A method according to claim 1 wherein the peptide 
con^rises Arg-Pro-Pro-Gly-Phe (SEQ ID NO:20). 

15 

3. A mefliod according to claim 1 wherein X, is zero to seven 
amino acids and Xz is zmo to nine amino acids. 

4. A method according to clahn 2 wherein the peptide is Met- 

20 Ile-Ser-Leu-Met-Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-Ser 
(SEQ ID N0:12). 

5. A mediod according to claim 2 wherein die peptide is Met- 
Lys-Arg-Pro-Pro-GIy-Phe-Ser-Pro-Phe-Arg-Ser-Ser (SEQ ID NO: 13) 

25 

6. A metfiod according to claim 2 wherein the peptide is Met- 
Lys-Arg-Pro-Prt><Hy-Phe-Ser-Pro-Phe-Arg-Ser-Ser-AiB-De<}ly (SEQ ro N0:14) 

7. A method of inhibiting thrombin-induced platelet or other 
30 «Uactivationcomprising administering to an individual in need of such treamient 
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an effective amount of a peptide, wherein tte peptide has an amino acid sequence 
(D-Arg)-Arg-Pro-Hyp-Gly-Thi-Ser-(D-Tic)-Oic.Arg (SEQ ID NO: 17). 

8. A method of inhibiting thrombin-induced platelet or other 
5 cell activation comprismg administering to an individual in need of such treatment 

an effective amount of a peptide, wherein said peptide is comprised of one or 
more segments havuig the amino acid sequence XpArg-Pro-Pro-Gly-Xi and the 
peptide has the fonnula: 

L-(XrAig-Pro-Pro<}ly-X2)„ 

10 wherein: 

L is a linker conq>rising a covalent bond or chemical group; 
X„ which may be the same or different in each segment, is from 
zero to thirty natural or synthetic amino acids; 

X2, which may be the same or different in each segment, is from 
IS zero to ttiirty natural or synthetic amino acids; and 
n is an integer from two to twenty. 

9. A method according to claim 8 wherein at least two of the 
segments are different. 

20 

10. A method according to claim 8 wherein the segments are 

identical. 

11. A method according to claim 8 wherein n is two to four. 

25 

12. A method according to claim 8 wherein the segment 
conq)rises Arg-Pro-Pro-Gly-Phe (SEQ ID NO:20). 
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13. A method according to claim 8 wherein the peptide is: 
Arg-Pro-Pro-Gly-Pte-^^^^^^^ 

Aig-Pro-Pro<jly-Phe- 

^rLys— jSAIa 

Arg-Pro-Pro-GIy-Phe-^,.^.^^ 

fLys" 

Arg-Pto-Pro-GIy-Phe- 



14. A method according to ctaim 8 wherein the pq)tide is: 
Aig-Pro-Pro-Gly-Phe-Ghi 

Lys-Phe-Gly-Pro-Pro-Aig 



15. A method for preventing platelet aggregation comprising 
15 administering to an mdividual in need of such treatment an effective amount of 
a peptide, wherem said pq)tide has an ammo acid sequence of the formula: 

Xj-Arg-Pro-Pro-Gly-Xa 

wherein: 



10 



20 



25 



X, is from zero to flurty naniral or synthetic amino acids; and 
X2 is from zero to thirty natural or synthetic amino acids; 
provided that die peptide may not be native bradykinin. 

16. A method according to claim 15 wherein the peptide 
comprises Arg-Pro-Pro-Gly-Phe (SEQ ID NO:20). 

17. A method according to clann 15 wherein X, is zero to seven 
amino acids and Xj is zero to nine amino acids. 

18. A method for preventing platelet aggregation comprising 

30 administering to an individual in need of such treatment an effective amount of 
a peptide, wherein said peptide is comprised of one or more segments having the 
amino acid sequence XrArg-Pro-Pro^ly-X^ and the peptide has the formula: 
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I^(XrArg-Pro-Pro-GIy-X2)„ 

wherein: 

L is a linker comprising a covalent bond or chemical group; 
Xj, which may be tfie same or different in each segment, is from 
5 zero to thirty natural or synthetic amino acids; 

Xj, which may be flie same or different in each segment, is from 
zero to thirty natural or synthetic amino acids; and 
n is an integer from two to twenty. 

10 19. A m^hod according to claim 18 wherem at least two of tte 

segments are different. 

20. A method according to claim 18 wherein the segments are 

identicaL 

15 

21. A method according to claim 18 wherein n is two to four. 

22. A method according to claim 18 wherein each segment 
comprises Arg-Pro-Pro-Gly-Phe (SEQ ID NO:20). 

20 

23. A method according to claim 18 wherein the peptide is: 
Arg-Pro-Pro-Gly-Phe^...,...^^^ 

Arg-Pro-Pro-Gly-Phe — " 

2^ "^Lys-i3Ala 
Arg-Pro-Pro-Gly-Phe--..^__^^^^ 

Arg-Pro-Pro-Gly-Phe--^''''' 

30 24. A method according to claim 18 wherein the peptide is: 

Arg-Pro-Pro-Gly-Phe-Glu 

Lys-Phe-GIy-Pro-Pro-Arg 
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25. A method of inhibituig ADP-induced platelet activation 
comprising administering to an individual in need of such treatment an effective 
amount of a peptide, wherein said peptide has an amino acid sequence of the 
formula: 

Xi-Arg-Pro-Pro-Gly-Xi 

wherein: 

X, is from zero to ihirtyr natural or synthetic amino acids; and 
Xj is from zero to thirty natural or synthetic amino acids; 
provided tfuit the peptide may not be native btadyldiim. 

26. A method according to claim 25 wherein the segment 
comprises Arg-Pro-Pro-Gly-Phe (SEQ ID NO:20). 



27. A mediod according to claim 25 wherein Xj is zero to seven 
15 amino acids and X2 is zero to nine amino acids. 



10 



28. A mediod of inhibitiog ADP-induced platelet activation 
comprising administering to an individual in need of such treatment an effective 
amount of a peptide, wherein said peptide is comprised of one or more segments 
having the amino acid sequence X,-Arg-Pro-Pro-Gly-Xj and the peptide has the 
formula: 

L-(X,-Aig-Pro-Pro-Gly-X2)„ 

wherein: 

L is a linker con^jrising a covalent bond or chemical group; 

X„ which may be the same or different in each segment, is from 
zero to thirty natural or synthetic amino acids; 

Xi, which may be the same or different in each segment, is from 
zero to thirty natural or synthetic amino acids; and 

n is an intego- ftom two to twenty. 



30 



wo 96/41640 



PCT/US96/09940 



-53- 



29. A method according to claim 28 wherein the segments are 

identical. 

30. A method according to claim 28 wherein at least two of the 
S segments are different. 

31. A method according to claim 28 wherein n is two to four. 

32. A m^faod according to claim 28 wherein the segment 
10 comprising Arg-Pro-Pro-GIy-Phe (SEQ ID NO:20). 



33. A method according to claim 28 wherein the peptide is: 
Arg-Pn^Pro-Gly-Phe--.,..,,..^^^^ 

15 Arg-Pro-Pro-Gly-Phe- 

^ rLys— /3Ala 

Arg-Pro-Pro-Gly-Phe— 

rLys- 

Arg-Pro-Pro-Gly-Phe- 



20 



34. A method according to claim 28 wherein tbe peptide is: 
Arg-Pro-Pro-Gly-Phe-Glu 

Lys-Phe-Gly-Pro-Pro-Arg 



25 35. A compound having the formula: 

Arg-Pro-Pro-Gly-Phe-G^ 

Lys-Phe-Gly-Pro-Pro-Arg 



36. A phannaceutical con^rasition conq>rising a phaimaceutical 
30 carrier and a compound having the formula of claim 37. 
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37. A compound having the formula: 
Arg-Pro-Pro-GIy-Phe- 

Arg-Pro-Pro-Gly-Phe 

Arg-Pro-Pro<jly-Pli 

Arg-Pro-Pro-Gly-Phe- 




Lys— jffAla 



10 



38. A pharmaceutical composition oonq)iisiqg a pharmaceutical 
carrier and a compound having tlK formula of claim 37. 
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